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OPTICAL ATTENUATION MONITOR SYSTEM 
‘ AND METHOD . 

BACKGROUND OF THE INVENTION 
1. ‘Field of the Invention 
This invention relates broadly to a radiation detection 

apparatus and method. More particularly, it relates to 
an optical‘ attenuation monitor system and method 
which employslig‘ht irradiation techniques to detect‘ 
accumulation of optically attenuating objects on the 
outside surface of an electro-optical instrument housing 
viewing window. The term '“light radiation” used‘ 
herein refers to the visible, infrared and ultraviolet light 
regions of the electromagnetic radiation spectrum. 

2. Description of the Prior Art 7 ‘ 
In metals producing and rolling mill installations it is 

commonplace to encounter severe dusty and dirty envi 
ronments where reliable measurements should be made 
by’ electro-optical , instruments associated therewith. 
Because’of increased automation and production speed 
there is an ever increasing need for more accurate and 
reliable product temperature and dimensional measure 
ments that must be made in these severe environments. 

Generally, such measurements are made by electro 
optical instruments located in a suitable housing behind 
a viewing window. For example, light radiation must 
pass through the viewing window in the form of vari 
able intensity beam to a radiation pyrometer or as a 
variable image pattern to an electro-optical dimensional 
gage inside the housing which measures the tempera 
ture or dimension of the product located outside of the 
instrument housing. Irivariably, light-scattering opti 
cally attenuating objects, such as dust, dirt, scale, pits 
and scratches, will accumulate on the outside surface. of 
the viewing window. This accumulation attenuates 
light radiation transmitted through‘the window and 
produces an unaccountable optical error which reduces 
the accuracy and reliability of readings of precision 
electro-optical instruments located inside the. instru 
ment housing. - 

Heretofore, the outside surface condition of an instru 
ment housing viewing window was either ignored, 
overlooked or corrected only by routine maintenance 
of the associated production facility.,In a few instances 
when the viewing window was cleaned, it was done 
improperly leaving some of the light-scattering opti 
cally’attenuating objects on the viewing window. An 
alternative to these procedures is to require more exten 
sive maintenance on a more frequent basis. Until now 
this would be the recommended procedure because the 
precision electro-optical instruments inside the housing 
have no waytof knowing about or correcting for optical 
attenuation errors due to accumulation on the outside of 
the viewing window. 

SUMMARY OF THE INVENTION 
A main object of this invention is to provide an opti_~ 

cal attenuation monitor system and method that will 
overcome the foregoing difficulties. ‘ 
One other object of this invention is to provide a 

system and method for monitoring optical attenuation 
of a viewing window in an instrument housing. 
Another object of this invention is to provide a sys 

tem and method for monitoring deviation of optical 
attenuation of an instrument viewing window from a 
reference value thereof. 
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2 
Still another object of this invention is to provide a 

system and method for monitoring optical attenuation 
of an instrument viewing window which assures that 
accurate measurements are being made, yet concur 
rently permits window maintenance to be carried out 
on an as-required basis rather than on a more frequent 
?xed schedule. 
The foregoing objects may advantageously be 

achieved by using optical attentuation monitor appara 
tus located inside the instrument housing which oper 
ates on the principle of irradiating the viewing window 
with a light beam of radiant energy and detecting the 
radiant energy backscattered by the light-scattering 
optically attenuating objects such as dust, dirt, scale, 
pits and scratches which accumulate‘ on the outside 
surface of the viewing window. The monitor apparatus 
includes backscatter radiation detector means having an 
output signal that varies as a function of the variable 
optical attenuation, or alternatively, the ratio of optical 
attenuation and a predetermined value thereof. The 
output signal is used to drive: an ‘optical attenuation 
display, an optical attenuation alarm for signalling when 
window maintenance is required, or an optical attenua 
tion correcting circuit for automatically correcting an 
electro-optical instrument in the housing or an external 
process controller. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram of a basic optical attenua- ‘ 
tion monitor system of the present invention. 
FIGS. 2 to 5 are block diagrams of different embodi 

ments of an optical attenuation monitor system which 
determines deviation in: optical attenuation of the view 
ing window in an instrument housing from a predeter 
mined value thereof. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Referring now to the drawings, in each FIG. 1 to 5 
embodiment there is shown an electro-optical instru 
ment 10, such as a radiation pyrometer or electro-opti 
cal dimensional gage, located inside an instrument hous 
ing not shown. Instrument 10 is aimed, along axis 11, 
through radiation transmissive viewing window 12 
shown in enlarged cross-section and also located in the 
instrument housing not shown. Viewing window 12 has 
inside and outside surfaces 13, 14. It is the condition of 
outside surface 14 of viewing window 12 that must be 
determined because of the accumulation of light-scat 
tering optically attenuating objects 15, such as dust, 
dirt, scale, pits and scratches which are experienced in a 
severe steel mill environment. 

. A column of unattenuated radiation 16, representing 
the temperature or dimension of a steel mill product 
outside of the instrument housing, becomes a column of 
attenuated radiation 17 when it is conducted through 
light-scattering optically attenuating objects 15, win 
dow l2 and along aiming axis 11. Instrument 10 re 
sponds directly to the column of attenuated radiation 
17. The difference between column 17 and the column 
of unattenuated radiation 16 is the optical error which 
changes the accuracy of electro-optical instrument 10 as 
a'function of accumulation of optical attenuation ob 
jects 15 on the outer surface 14 of viewing window 12. 
The choice as to which FIGS. 1 to 5 embodiment is 

utilized to determine the condition of outer surface 14 
will depend upon space availability inside the instru 
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ment housing, not shown, and to the extent to which 
optical error detection, and correction, is to be made. 
FIG. 1 shows a basic optical attenuation monitor 

system 18. Included in monitor system 18 is a light 
radiation source 19 which produces either a steady or 
pulsed, collimated, monochromatic source of visible or 
invisible radiant energy. This may be obtained from, for 
example, a helium-neon laser source having a wave 
length band similar to that of the column of attenuated 
radiation 17. Light source 19 is optically coupled to 
beam expander 20 and produces a main light beam of 
radiation 21 which is re?ected off mirror 22 to radiate 
viewing window 12. Beam expander 20 can be used to 
increase the irradiated area of viewing window 12 to 
the same area as used by the column of attenuated radia 
tion 17. 
When irradiating viewing window 12, main light 

beam of radiation 21 produces parallel primary‘ and 
secondary re?ected light beams 23, 24 when re?ecting 
off of viewing window inner and outer surfaces 13, 14, 
respectively, as well as a refracted main light beam of 
radiation 25. These re?ected and refracted light beams 
23, 24, 25 are unwanted radiation in this invention and 
are therefore misdirected off the aiming axis 11 so as not 
to effect a radiation sensing device in instrument 10. 
The misdirection of unwanted light beams 23, 24, 25 is 
accomplished by tilting viewing window 12 in one 
plane, as shown, or a plane orthogonal thereto, or in 
two orthogonal planes, and selecting a proper angle of 
incidence of the main light beam of radiation 21 upon 
viewing window 12, all with reference to aiming axis 
11. 
Thus, the only remaining light radiation available for 

use in this invention is light radiation backscatter 26. 
This has the same wavelength as light source 19 and is 
produced proportional to the accumulation of optically 
attenuating objects 15 on the outer surface 14 of view 
ing window 12. Light radiation backscatter 26 is col 
lected by mirror 27, and focusing lens 28 to form a 
variable-intensity backscatter beam 29 which varies as a 
function of the amount of optically attentuating objects 
15 on viewing window outer surface 14. 

Light radiation backscatter beam 29 is directed upon 
light radiation detector means, such as a conventional 
detector-ampli?er 30. Device 30 may include electronic 
?lter circuits for responding only to a steady light 
source 19, or to the frequency of a pulsed light source 
19, if electrical and/or magnetic ?elds of interfering 
strength are present in the surrounding environment. 
Synchronous detection may also be used to discriminate 
against high ambient light levels. Similarly, device 30 
may be coupled with an optical ?lter 31 to pass only 
radiant energy of the same wavelength as light source 
19 if unwanted optical radiation is present. Otherwise, 
detector-ampli?er 30 will produce an output signal 32 
which varies as a function of the intensity of light radia 
tion backscatter beam 29, this function relating to the 
amount of light-scattering optically attentuating objects 
15 accumulated on viewing window outer surface 14. 
The output signal 32 from light radiation detector 

ampli?er 30 is fed to display device 33 and alarm device 
34. Display device 33 indicates the magnitude of optical 
attenuation error that will be experienced by electro-op 
tical instrument 10 if not corrected. Alarm device 34 is 
set to become activated at a preset level of optical atten 
uation error. Output signal 32 is also fed to electro-opti 
cal instrument 10 to automatically compensate for the 
amount of optical attenuation error contained in the 
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column of attenuated radiation 17 to which instrument 
10 is responsive. It is contemplated that output signal 32 
may be fed to a computer, not shown, for the same 
optical attenuation error-correction purpose. 

Turning now to FIGS. 2 to 5, there are shown more 
precise optical attenuation monitor systems which are 
used whenever a tendency for the light source to drift 
would affect their accuracy. These systems utilize a 
reference light beam to compare with the light radiation 
backscatter beam developed in FIG. 1 to produce a 
ratio output signal representative of deviation of view 
ing window outer surface condition from a predeter 
mined value established by the reference beam. The 
reference beam is obtained from the same light source as 
the main light beam of radiation and compared either 
alternately or continuously with the light radiation 
backscatter beam in either single or dual radiation de 
tector means, respectively. 
Each of the FIGS. 2 to 5 optical attenuation monitor 

systems use many of the same components as the ‘FIG. 
1 monitor system 18. These common components are 
identi?ed with the same reference numerals in FIGS. 2 
to 5 as are used in FIG. 1. Therefore, the description of 
the common components will not be repeated below. 
Only the new components will be described below. 
FIG. 2 illustrates'optical attentuation monitor system 

35 for determining deviation in viewing window outer 
surface 14 condition from a predetermined value 
thereof. Beam splitter 36 divides the light radiation 
energy from source 19 into a main light beam of radia 
tion 21 and' a reference light beam 37 from a minor 
portion of the main light beam of radiation 21. Light 
radiation from backscatter beam 29 is alternately com 
bined in a second beam splitter 38 with reference light 
beam 37 to alternately direct these two sources of light 
radiation to detector-ampli?er 39. 

Rotary chopper 40 driven by motor 41 is shown illus 
tratively to function as an optical switch to alternately 
select light radiation backscatter beam 29 source or 
reference light beam 37 source to be directed to detec 
tor-ampli?er 39. As shown in FIG. 2, rotary chopper 40 
blocks reference beam 37 from being combined in beam 

, splitter 38. Light radiation backscatter beam 29 image is 
directed through light port 42, beam splitter 38 and light 
port 43 to detector-ampli?er 39 while the reference 
light beam 37 is blocked. When rotary chopper 40 turns 
counter-clockwise 90°, reference light beam 37 enters 
light port 43 and beam splitter 38 exits the reference 
light beam 37 through light port 44 to detector 
ampli?er 39 while light radiation backscatter beam 29 is 
blocked. Motor 41 continues to drive rotary chopper 40 
to the starting position shown in FIG. 2. 
A position encoder 45 is driven by rotary chopper 40 

to generate position signal 46 which is used in detector 
ampli?er 39 for a synchronizing purpose described be 
low. An electro-optical switch with a position output 
signal may be substituted for rotary chopper 40 and 
position encoder 45. 

Detector-ampli?er 39 is a modi?ed version of detec 
tor-ampli?er 30 in that it is adapted to alternately re 
ceive ?rst the light radiation backscatter beam 29, then 
the reference light beam 37, and develop a ratio output 
signal 47 of the two functions in synchronism with the 
rotary chopper position signal 46. In other words, de 
tector-ampli?er 39 includes holding circuits, not shown, 
alternately selected by position signal 47 to hold sepa 
rate signals representing the intensities of light radiation 
backscatter beam 29 and reference light beam 37. De 
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vice 39 further includes a divider circuit, not shown, to 
divide the outputs of the holding circuit‘ to produce. 
ratio output signal 47. Device 39‘,_also includes a reset 
circuit, not shown, to reset the divider and/or holding 
circuits in synchronism with the rotary chopper posi 
tion signal 46. ., I , . . 

Ratio output signal 47 in FIG. 2 is ‘fed to deviation 
display device 48 and deviation alarm device 49. Devia 
tion display device 48 indicates the magnitude of optical 
attenuation deviation error with respect to the reference 
light beam that will be experienced by, electro-optical 
instrument 10 if not corrected. Deviation alarmdevice 
49 is set to become activated at a preset level of optical 
‘attenuation deviation error, also with respect to the 
reference light beam. Ratio output‘signal 47 is also fed 
to electro-optical instrument 10 to automatically cor 
rect same for optical attenuation deviation error ‘with 
respect to the reference light beam. It is also contem 
plated to feed ratio output signal 47 to a computer, not 
shown, as an optical attenuation deviation correction 
signal. ' v n ‘ 

FIG. 3 illustrates optical attenuation monitor system 
50 for determining deviation in viewing window outer 
surface 14 condition from a predetermined value 
thereof. Monitor system 50 is similar to monitor system 
35 in FIG. 2. One difference is in light laser source 51 
which is a solid-state device, or alternatively a LED 
device, having monochromatic visible ‘or invisible radi 
ant energy emitted from a different structure than that 
of a helium-neon laser in source 19. 
Another difference lies in the light radiation gener 

ated by light source 51 being aimed through beam split 
ter 36 to producer-the main light beam of radiation 21. 
Beam 21 is directed through lens 52 and viewingwin 
dow 12 without the bene?t of a mirror as'iin FIG. 2 The 
build up of light-scattering optically attenuating objects 
15 on window outer surface 14 causes light radiation 
backscatter beam 29 to form and be imaged alternately 
through the second beam splitter 38 and ‘rotary chopper 
40 on to detector-ampli?er 39. ‘ = 

A third difference is characterized by the reference 
light beam 37, formed‘by beam splitter 36, being re 
?ected off mirror 53 and also imaged alternately 
through beam splitter 38 and rotary chopper 40'on to 
detector-ampli?er 39 in synchronism with position sig 
nal 46, thereby causing the production of ratio output 
signal 47-as described above. ' ‘t " ‘ 

Ratio output signal 47 in FIG. 3 is fed to deviation 
display 48 and deviation alarm 49, and as an optical 
attenuation deviation error correction signal to electro 
optical instrument 10 as described‘ above. Also to a 
computer not shown. at ' ' 

FIG. 4 illustrates optical attenuation monitor system 
54 for determining deviation in ‘viewing window outer 
surface 14 condition from' a predetermined value 
thereof. Optics of monitor system 54 is similar to moni 
tor system 50‘shown in FIG. 3, except optical switching 
for alternately imaging light radiation backscatter beam 
29 or reference light beam 37 is replaced by fullvtime 
dual radiation detector means. More particularly, light 
radiation backscatter beam 29 is imaged directly 
through ?lter 31 and onto detector-ampli?er 30,'Tthe 
same as‘used‘ in monitor system l8'shown in FIG.‘ 1. 
Reference light beam 37 is imaged directly, rather than 
through a mirror or beam splitter, through optical ?lter 
55 and onto a second detector-ampli?er 56, which de 
vice in fact has the same characteristics as detector 
ampli?er 30. Proportional" outputs from detector 

6 
ampli?ers 30,_56 are fed to divider 57 which produces 
ratio output signal 47 having characteristics as de 
scribed above. 

Ratio output signal 47 in FIG. 4 is fed to deviation 
5 display 48Aand deviation alarm.49, and as an optical 

attenuation deviation error correction signal to electro 
optical instrument 10, also to a computer not shown, all 
as described above. 
FIG. 5 shows optical attenuation monitor system 58 

for determining deviation in viewing window outer 
surface 14 condition from a predetermined value 
thereof. Electronics for monitor system 58 are the same 
as monitor system 54 shown in FIG. 4, but direct-path 
optics are replaced with ?exible path devices. A ?exible 
mainlight beam of radiation 59 is derived from light 
source 51 and conducted by ?ber optics 60 around a 
circuitous route to viewing window 12. Light radiation 
backscatter is collected and beam 29 is imaged directly 
through ?lter 31 and onto detector-ampli?er 30. Simi 
larly, a ?exible reference beam 61 is also derived from 
laser source 51 and conducted by ?ber optics 62 directly 
through lens 63 and ‘?lter 55 onto second detector 
ampli?er 56. Proportional outputs from detector 
ampli?ers 30, 56 are fed to divider 57 which produces 
the ratio output signal 47 having characteristics as de 
scribed above. 

Ratio output signal 47 in FIG. 5 is fed to deviation 
display 48 and deviation alarm 49, and as an optical 
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attenuation deviation error signal to electro-optical_ 
30 instrument 10, also to a computer, not shown, all as 

described above. ‘ 

I claim: . 

.1. Optical attenuation monitor apparatus for deter 
mining the surface condition of a radiation transmissive 
viewing window, comprising: 

(a) means for producing a main light beam of mono 
chromatic radiation and directing same angularly 
through said window froma ?rst side to a second 
side where variable light-scattering attenuating 
objects also collect on the second surface and pro 
duce light radiation backscatter of the same wave 
length, all re?ected and refracted radiation from 
said main light beam being undetected; 

(b) collecting only the light radiation backscatter 
from the second side surface through said window 
and causing same to form a variable-intensity light 
radiation backscatter beam; and > I 

(0) light radiation detector means responsive only to 
the light radiation backscatter beam for producing 
an output signal that varies as a function of the 
window second side surface attenuation condition. 

2. Optical attenuation monitor apparatus for deter 
mining deviation in surface condition of a radiation 
transmissive viewing window from a predetermined 
value thereof, comprising; 

(a) means for producing a main light beam of mono 
chromatic‘radiation and directing same angularly 
through said window‘from a first side to a second 
side where variable light-scattering attenuating 
objects also collect on‘the second surface and pro 
duce light radiation backscatter of the same wave 
length, all re?ected and refracted radiation from 
said main light beam being undetected; 

(b)'means forproducing a monochromatic reference 
‘ light beam from a minor portion of the main light 
beam of radiation; 

(c) collecting only the light radiation backscatter 
from the second side surface through said window 
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and causing‘ same to form a variable-intensity light 
radiation backscatter beam; and 

(d) light radiation detector means responsive only to 
said light radiation backscatter beam and the refer 
ence beam for producing an output signal that 
varies as the ratio of said two beams, whereby said 
ratio output signal indicates deviation of said win 
dow second side surface attenuation condition 
from a predetermined value thereof. ' 

3.‘ The apparatus of claim 2 wherein means (0) in 
cludes optical switch means for alternately selecting the 
light radiation backscatter beam or the reference light 
beam and producing a switch position signal, and detec 
tor means (d) is modi?ed to respond alternately to said 
light radiation backscatter beam or said reference light 
beam in synchronism with said position signal so as to 
produce the ratio output signal. 

4. The apparatus of claim 2 wherein detector means 
(d) is modi?ed with‘ separate detector devices to re 
spond simultaneously to a given light radiation back 
scatter beam and reference light beam, and further mod 
i?ed to include circuit means responsive to the separate 
detectors for producing said ratio output signal. 

5. The apparatus ‘of claim 1 or 2 wherein means (c) 
includes an optical path having lens means for collect 
ing the backscatter light radiation and producing said 
light radiation backscatter beam. 

6. The apparatus of claim 1 or 2 wherein means (a) 
includes a beam expander for enlarging the area of im 
pingement of said main light beam upon said window. 

7. The apparatus of claim 1 or 2 wherein means (a) 
includes either a gaseous or a solid state laser source 
having either a steady or a pulsed output for producing 
said main light beam of radiation. - 

8. The apparatus of claim 1 or 2 wherein means (a) 
includes a mirror for directing the main light beam of 
radiation onto said window at an angle thereto. 

9. The apparatus of claim 2 wherein means (a) in 
cludes a beam splitter for dividing a source of radiation 
into the main light beam of radiation and the reference 
light beam. 

10. The apparatus of claim 2 wherein means (a) fur 
ther includes a mirror disposed beyond a beam splitter 
for re?ecting either the main light beam of radiation 
onto said window, or the reference light beam for subse 
quent use. ' . 

11. The apparatus of claim 2 wherein means (a) in 
cludes a ?rst beam splitter for dividing a source of radia 
tion into the main light beam of radiation and the refer 
ence light beam, and a second beam splitter for combin 
ing the reference light beam and the light radiation 
backscatter beam. ' 

12. The apparatus of claim 11 wherein means (b) 
further includes optical switch means associated with 
the second beam splitter for alternately selecting said 
light radiation backscatter beam or said reference light 
beam to act on the light radiation detector means. 

13. The apparatus of claim 2 wherein means (a) in 
cludes ?rst and second ?ber optics for ?exibly directing 
respectively the main light beam of radiation to said 
window and the reference light beam to said light radia 
tion detector means. 

14. The apparatus of claim 1 or 2 wherein the light 
radiation detector means includes an optical ?lter for 
passing only the wavelength of the light radiation back 
scatter. 

15. The apparatus of claim 1 or 2 wherein the light 
radiation detector means includes circuit means to limit 
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8 
detector frequency response to that of either a steady or 
a pulsed source of light radiation. 

16. The apparatus of claim 1 or 2 further including: 
display means responsive to the light radiation detec 

tor means output signal for indicating the amount 
of viewing window optical attenuation. 

17. The apparatus of claim 1 or 2 further including: 
alarm means responsive to the light radiation detector 
means output signal for signalling viewing window 
optical attentuation condition having exceeded a 
predetermined value. 

18. The apparatus of claim 1 or 2 further including: 
electro-optical means aimed at said window and oper 

ative in response to‘ the light radiation detector 
means output signal to compensate the electro-op 
tical means operation for optical attenuation char 
acteristics of said window. 7 

19. Optical attenuation monitor apparatus for deter 
mining the surface condition of a radiation transmissive 
viewing window, comprising: 

(a) means‘ for producing a main light beam of mono 
_ chromatic radiation including a mirror for direct 
_v ing same angularly through said window from a 
?rst side ‘to a second side where variable light-scat 

- tering attenuating objects also collect on the sec 
ond surface and produce light radiation backscatter 
of the same wavelength, all reflected and ‘refracted 
radiation from said main light beam being unde 
tected; ' I 

(b) collecting only the light radiation backscatter 
from the second side surface through said window 
and causing same to form a variable-intensity light 
radiation backscatter beam; , 

(0) light radiation detector means responsive only to 
the light radiation backscatter beam for producing 
an output signal that varies as a function of the 
window second side surface attenuation condition; 
and 

(d) means responsive to the light radiation detector 
means output signal and including at least one: 

’ (1) display means for indicating the amount of win 
dow optical attenuation, 

(2) alarm means for signalling window optical at 
tenuation condition having exceeded a predeter 
mined value, and i 

(3) electro-optical instrument means aimed at said 
window and compensated for optical attenuation 
of said window. 

20. Optical attenuation monitor apparatus for deter 
mining deviation in surface condition of a radiation 
transmissive viewing window from a predetermined 
value thereof, comprising: 

(a) means for producing a main light beam of ‘mono 
chromatic radiation including a mirror for direct 
ing same angularly through said window from a 
?rst side to a second side where variable light-scat 
tering attenuating objects also collect on the-sec 
ond surface and produce light radiation backscatter 
of the same wavelength, all reflected and refracted 
radiation from said main light beam being unde 

..tected; - ~. . 

(b). means including a beam splitterv located ahead of 
said mirror for producing a monochromatic refer 
ence light beam from a minor portion of the main 
light beam of-- radiation; 

(0) collecting light radiation ‘ backscatter from the 
second side surface through said window and caus 
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ing same to'form a variable-intensity light radiation 
backscatter. beam;, s ' 

((1) optical switch means including a rotary chopper 
for alternately selecting the light radiation back 
scatter beam or the reference light beam, said 
means also producing a switch position signal; 

(e) light radiation detector means responsive alter 
nately to only the light radiation backscatter beam 
or the reference light beam in synchronism with 
said position signal for producing an output signal 

_ that varies as the ratio of said two beams, whereby 
the radio output signal indicates deviation of said 

' window second ‘side vsurface attenuation condition 
from a predetermined value thereof; and 

'(f) means ‘responsive to the'ratio output signal and 
, 1 including 'at least one: 

a I (I) display means for indicating the amount of win 
dow optical attenuation, ' ’ 

(2) alarm vmeans for signalling window optical at 
tenuation condition, having exceeded a predeter 
mined value, and i _ i ' 

(3) electro-optic‘al means aimed'at saidwindow and 
compensated for. optical attenuation of said win 
dow.v . i ' 

21. Optical attenuation. monitor apparatus for deter 
mining deviation in surface condition of a radiation 
transmissive. viewing window from a predetermined 
value thereof, comprising; i v 

(a) means including a beam splitter for producing a. 
main light beam of monochromatic radiation and av 
monochromatic reference light beam from a minor 
portion of the main light beam of radiation, said 
main light beam of radiation being directed angu 
larly through said window from a ?rst side to a 
second side where variable light-scattering attenu 
ating objects also collect on the second surface and 
produce light radiation backscatter of the same 
wavelength, all re?ected and refracted radiation 
from said main light beam being undetected; 

(b) means including a mirror for directing the refer 
ence light beam for subsequent use; 

(0) means including a focusing lens for directing only 
the light radiation backscatter from the second side 
surface through said window to form a variable 
intensity light radiation backscatter beam; 

(d) optical switch means including a rotary chopper 
for alternately selecting the light radiation back 
scatter beam or the reference light beam, said 
means also producing a switch position signal; 

(e) light radiation detector means responsive alter 
nately to only the light radiation backscatter beam 
or the reference light beam in synchronism with 
said position signal for producing an output signal 
that varies as the ratio of said two beams, whereby 
the ratio output signal indicates deviation of said 
window second side surface attenuation condition 
from a predetermined value thereof; and 

(f) means responsive to the ratio output signal and 
including at least one: 
(1) display means for indicating the amount of win 
dow optical attenuation, 

, (2) alarm means for signalling window optical at 
tenuation condition having exceeded a predeter 
mined value, and 

(3) electro-optical means aimed at said window and 
compensated for optical attenuation of said win 
dow. 
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‘ 22. Optical attenuation monitor apparatus for deter 
mining deviation in surface condition of a radiation 
transmissive viewing window from a predetermined 
value thereof, comprising: _ 

(a) means including a beam splitter for producing a 
main light beam of monochromatic radiation and a 
monochromatic reference light beam from a minor 
portion of the main light beam of radiation, said 
main light beam of radiation being directed angu 
larly through said window from a ?rst side to a 
second side where variable light-scattering attenu 
ating objects also collect on the second surface and 
produce light radiation backscatter of the same 
wavelength, all re?ected and refracted radiation 
from said main light beam being undetected; 

(b) collecting light radiation backscatter from the 
, second side surface through said window andlcaus 
ing same to form a variable-intensity light radiation 
(backscatter beam; \ 

(c) light radiation detector means including a ?rst 
detector responsive only to the light radiation 
backscatterybeam, a second detector responsive 
only to the reference light beam, and circuit means 

7 responsive to both detectors for producing an out 
‘ put signal that‘ varies as the ratio of said two beams, 

' whereby the ratio output signal indicates deviation 
of said window second side surface attenuation 
condition from a predetermined value thereof; and 

(d) means responsive to the ratio output signal and _ 
including at least one: 
(1) display means for indicating theamount of win 
dow optical attenuation, 

(2) alarm means for signalling window optical at 
tenuation condition having exceeded a predeter 
mined value, and 

(3) electro-optical means aimed at said window and 
compensated for optical attenuation of said win 
dow. ' 

23. Optical attenuation monitor apparatus for deter 
mining deviation in surface condition of a radiation 
transmissive viewing window from a predetermined 
value thereof, comprising: 

(a) means including ?rst ?ber optics for producing a 
main light beam of monochromatic radiation and 
?exibly directing same angulzarly through said win 
dow from a ?rst side to a second side where vari 
able light-scattering attenuating objects also collect 
on the second surface and produce lightradiation 
backscatter of the same wavelength, all re?ected 
and refracted radiation from said main light beam 
being undetected; 

(b) means including second ?ber optics for producing 
a monochromatic reference light beam from the 
same source as the main light beam of radiation and 
?exibly directing same for subsequent use; 

(0) means including a focusing lens for directing only 
the light radiation backscatter from the second side 
surface through said window to form a variable 
intensity light radiation backscatter beam; 

((1) light radiation detector means including a ?rst 
detector responsive only to the light radiation 
backscatter beam, a second detector responsive 
only to the reference light beam, and circuit means 
responsive to both detectors for producing an out 
put signal that varies as the ratio of said two beams, 
whereby the ratio output signal indicates deviation 
of said window second side surface attenuation 
condition from a predetermined value thereof; and 
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(e) means responsive to the ratio output signal and 
including at least one: 
(1) display means for indicating the amount of win 
dow optical attenuation, 

(2) alarm means for signalling window optical at 
tenuation condition having exceeded a predeter 
mined value, and 

(3) electro-optical means aimed at said window and 
compensated for optical attenuation of said win 
dow. 

24. An optical attenuation monitoring method of 
determining the surface condition of a radiation trans 
missive viewing window, which method comprises: 

(a) producing a main light beam of monochromatic 
radiation; 

(b) directing the main light beam of radiation angu 
larly through said window from a ?rst side to a 
second side where variable light-scattering attenu 
ating objects also collect on the second surface and 

' produce light radiation backscatter of the same 
wavelength, all re?ected and refracted radiation 
from said main light beam being undetected; 

(c) collecting only the light radiation backscatter 
from the second side surface through said window 
and forming a variable-intensity light radiation 
backscatter beam; and I 

(d) detecting only the light radiation backscatter 
beam and producing an output signal that varies as 
a function of the window second side surface atten 
uation condition. 
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25. An optical attenuation monitoring method of 

determining deviation in surface condition of a radia 
tion transmissive viewing window from a predeter 
mined value thereof, which method comprises: 

(at) producing a main light beam of monochromatic 
radiation; 

(1)) producing a monochromatic reference light beam 
‘ from the same source as the main light beam of 

radiation; 
(0) directing the main light beam of radiation angu 

larly through said window from a ?rst side to a 
second side where'variable light-scattering attenu 
ating objects also collect on the second surface and 
produce light radiation backscatter of the same 
wavelength, all re?ected and refracted radiation 
from said main light beam being undetected; 

(d) collecting only the light radiation backscatter 
from the second side surface through said window 
and forming a variable-intensity light radiation 
backscatter beam; and 

(e) detecting only the light radiation backscatter 
beam and only the reference light beam and pro 
ducing an output signal that varies as the ratio of 
said two beams, whereby said ratio output signal 
indicates deviation of said window second side 
surface attenuation condition from a reference 
value thereof. 

" 26. The method of claim 25 further including the step 
of alternately selecting the light radiation backscatter 
beam or the reference light beam before the detecting 
step and subsequently producing the ratio output signal. 
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